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Abstract 
This report details electronic feedback techniques which allow precise control of the quality factor Q of a two-port piezoelectric 
micromechanical resonator device, independent of the ambient operating conditions. A circuit including a microbridge resonator 
has been implemented to increase the quality factor of the device. Q amplification has been validated by both time domain and 
frequency spectrum measurements. In addition to electrical measurements, a mechanical characterization of the resonator was 
carried out by means of a laser vibrometer, which confirmed the increase in Q factor due to the electronic feedback. 
Enhancement factors of almost two orders of magnitude were achieved, demonstrating an effective way to improve the 
performance of piezoelectric MEMS by a suitable electronic design. 
 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
The study and characterization of resonant micro-electro-mechanical systems (MEMS) has become an important 
field of study since this type of devices are useful for a wide range of applications, such as physical, chemical or 
biological sensors [1-3]. Among the different configurations that could be used for resonator implementations, 
double-clamped suspended beams (bridges) have been studied in this work as their use is well-established. One of 
the possibilities for the excitation of these transducers is the inclusion of a piezoelectric layer between two metal 
layers (electrodes). This design also allows for electrical detection as deformation of the beam may cause important 
effects in the impedance of the device [4]. This way, we can excite through a drive potential applied in the 
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electrodes, and sense the motion by means of the detected current. There are several piezoelectric materials for this 
purpose, such as lead zirconate titanate (PZT) and zinc oxide (ZnO). In addition, aluminum nitride (AlN) is a good 
alternative since it has attractive qualities, like its high thermal and chemical stability and full compatibility with 
conventional silicon technologies [5]. This, together with its good piezoelectric properties [6], makes AlN very 
interesting for MEMS actuation and detection. Furthermore, this material can be used in order to get biological 
sensitive surfaces. 
 
In this context, the quality factor Q is an important figure of merit for micro-resonators implementation. The 
parameter 4LVGHILQHGDVʌWLPHVWKHUDWLRRIWKHWRWDOHQHUJ\VWRUHGE\WKHVWUXFWXUHGLYLGHGE\WKHHQHUJ\ORVWLQD
cycle of oscillation. Mainly, energy can be lost by three different phenomena: interaction with the surrounding fluid, 
attachment loss, and the intrinsic loss within the structural material. It has been proved that a high Q factor gives 
better resolution and stability, and simplifies the feedback control of conditioning circuits. Several works have 
shown the performance of micro-structures in vacuum or air with well-pronounced resonances, which are related to 
high Q values. An important aim is to extend their use to different media, especially aqueous solutions and other 
liquids, due to the high increment in viscous loss, and the fact that it is necessary for the operation of bio-medical 
sensors. This justifies the interest in the characterization and in the enhancement of the Q-factor. 
 
Nomenclature 
 
Q quality factor    c viscous force coefficient 
M  mass     k elastic coefficient 
S mass sensitivity    t time 
Ȧ0 resonance frequency   f force 
m mass coefficient  
2. Theory 
An important parameter to characterize the performance of micromachined resonators is the mass resolution 
į0ZKLFKGHSHQGVRQWZRIactors: the mass sensitivityDQGWKHIUHTXHQF\UHVROXWLRQįȦ0), which is limited by the 
noise present in the system. 
 
 
 
 
For a given noise level, the resolution can be improved by making the resonance more pronounced, which is 
equivalent to increase the quality factor (Q). In fact, mass resolution turns out to be inversely proportional to the 
squared root of Q [7]. 
 
The Q-factor can be augmented electronically by using an appropriate feedback loop [8,9]. Under the 
approximation of the second order damped forced oscillator (equation 2), the addition of a signal proportional to the 
velocity (gx´) at the input results in a compensation of the viscous forces (cx´), and therefore, a higher Q-factor. 
)2()()()()()( txgtftkxtxctxm c ccc  
In the case of piezoelectric systems, the piezoelectric current is proportional to the velocity of the device [10]. So, 
the previous idea can be implemented by designing a circuit that contains the piezoelectric device and feedbacks the 
piezoelectric current in a proper way. Doing so, it is important to remark that the measured current between the 
electrodes of the piezoelectric device is the sum of both the piezoelectric and the dielectric components, thus the 
available total current is not a good signal to enhance the Q-factor. We have solved this problem by dividing the top 
)1(
2
0
0
1
effectiveM
SSM
Z
GZG

  
T. Manzaneque et al. / Procedia Engineering 5 (2010) 1494–1497 1495
 Author name / Procedia Engineering 00 (2010) 000–000 3 
electrode of the piezoelectric micro-resonators into two parts: one part is used as the actuator and the other one as 
the current (i.e. velocity) sensor (see Fig. 1). Since the sensor part is connected to a current-voltage converter, the 
virtual ground cancels the dielectric current in this half of the top electrode and only the piezoelectric current is 
present. 
 
 
Fig. 1. Schematics of the implemented velocity feedback loop. 
In this work, we designed and fabricated a circuit that includes both the top electrode-divided resonator and a 
positive feedback loop to increase the Q-factor. The resonator was an AlN-actuated micro-bridge, as shown in Fig. 
2, oscillating at mode 22 according to Leissa’s nomenclature [11]. Both frequency and time domain measurements 
were used to determine the Q-factors. The former involves fitting the frequency spectrum around the resonance, and 
for the latter the free vibration decay was measured and fitted.  
 
 
 
Fig. 2. Optical micrograph of the fabricated microbridge. 
3. Results 
Optical measurements of the mechanical vibrations with a laser Doppler vibrometer were carried out over the 
sample in order to determine the resulting Q-factor. Both frequency domain and time domain measurements were 
done. When varying R2 in the velocity feedback control circuit, the Fourier-transformed displacement signal are 
shown in Fig. 3a, demonstrating a substantial increase in Q factor. For the narrowest peaks achieved for mode 22, 
the frequency resolution of this measurement procedure is not very high (~49 Hz), when comparing it with the fitted 
peak width. To avoid this limitation and to have a reliable quantification of the actual Q factor enhancement, a time-
domain measurement of the oscillations decay was carried out, with no feedback and with the maximum feedback 
possible maintaining the stability of the loop (see Fig. 2.b). The data fitting process revealed an increase in the Q 
factor from 950 to 51000. 
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Fig. 3. a) Spectrum measurements with increasing factor of enhancement. b) Time domain measurements of the circuit without feedback and with 
the maximum feedback gain. 
4. Conclusions and outlook 
In this study, a velocity feedback control circuit is presented for the Q-factor enhancement of piezoelectrically 
driven micro resonators. For these basic investigations, a clamped-clamped beam configuration is chosen with a top 
electrode divided into two parts so that actuation, but also sensing capabilities can be provided. When exciting this 
device in the 22 mode, an increase in Q factor by a factor of more than 50 can be demonstrated with a carefully 
designed closed-loop control. Giving this remarkable result, research activities will focus in the near future on the 
achievement of enhanced Q factors for devices operating in liquid media.  
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